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THE SAME AND FUEL BATTERY USING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a proton-conductive film which has excellent heat 
resistance and excellent durability, exhibits excellent proton conductivity even at high 
temperatures, and has satisfactory various physical properties such as mechanical 
performances, for example, flexibility, to provide a method for producing the film, and to provide 
a fuel battery using the film. 

SOLUTION; This proton-conductive fifm. comprising (A) a three-dimensional cross— linked 
structure having silicon-oxygen bonds, (B) a carbon atom-containing structure, and (C) a proton 
conductivity-imparting agent, is characterized in that (0 (B) the carbon atom-corrtaining 
structure has a number-average moLwt of 56 to 30.000 and at [east four connected carbon 
atoms in the main chain and (ii) (A) the three-dimensional cross-linked structure and (B) the 
carbon atom-containing structure are bonded to each other through covalent bonds. The 
method for producing the proton-conductive film comprises producing a film from a mixture 
comprising (D) a carbon atom-containing structure composition having two or more 
hydrolysable silyl groups and CO) the proton conductivity-imparting agent, and then subjecting 
the film to hydrolysis and condensation reactions. 
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* NOTICES * 

JFO and IHPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer So the translation may not reflect the original 
precisely. 

shows the word which can not be translated, 
3In the drawings, any words are not translated. 



[ClaimCs)] 

[Claim 1]It !s a proton conductive film containing a three-dimensional structure-of-crossHinkage 
object (A) ? a carbon atom content structure (B\ and a proton conductivity grant agent (C) which 
have a silicon-oxygen bond T (i) A carbon atom content structure (B) has a number average 
molecular weight of 56-30,000, And a proton conductive film which has at least four connected 
carbon atoms in a main chain, and is further characterized by Gi) three-dimensional structure- 
of-crossHinkage object (A) and a carbon atom content structure (B) being combined by covalent 
bond w 

[Claim Z]The proton conductive film according to claim 1, wherein a three-dimensional 
structure— of-crossHinkage object (A) and a carbon atom content structure (B) have two or 
more combination. 

[Claim 3]The proton conductive film according to claim 1 P wherein a three-dimensional 
structure-of^crossHinkage object (A) hydrolyzes and condenses simultaneously both sides of 3 
organic-ftjnctions ARUKQ5HI xylan structure and 2 organic-functions ARUKOSHt xylan 
structure and is formed. 

[Claim 4jThe proton conductive film according to claim 3 T wherein a main skeleton portion of a 
carbon atom content structure (B) is a hydrocarbon-structures object which consists only of 
carbon and hydrogen. 

[Claim 5]The proton conductive film according to claim 4 In which a main skeleton portion of a 
carbon atom content structure (B) is characterized by having the structure shown by the 
following formula (1). 
[Formula 1] 

— RWn s£ < 1) 

(n shows the integer of 2-20 among a formula.) 

[Claim 6]The proton conductive film according to claim 4 in which a main skeleton portion of a 
carbon atom content structure (B) is characterized by having the structure shown by the 
^ following formula (2), 



(m shows the integer of 0-10 among a formula, and Ar shows the arylene structure of the carbon 
numbers 6-30.) 

[Claim 7]The proton conductive film according to claim 3 in which a main skeleton portion of a 
carbon atom content structure (B) is characterized by having the organic silcxane structure 
shown by the following formula (3). 
[formula 3] 
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CLAIMS 



[Formula 2] 
— (CH^ — [Atj (c*y„ 



* (2) 




(R 1 and R z show either a methyl group, an ethyl group or a phenyl group among a formula, p 
shows the Integer of 0-20, and q shows 20 or less natural number, respectively.) 
[Claim 8]The proton conductive film according to claim 1, wherein a proton conductivity grant 
agent (C) is heteropoly acid. 

[Claim 9]The proton conductive film according to claim B, wherein heteropoly acid is either 
tungstophosphoric acid, molybdophosphoric acid or tongue strike silicic acid. 
[Claim 1Q]a proton conductivfty grant agent (C) receives total quantity 100 weight section of a 
three— dimensional struct ure-of--cross-linkage object (A) and a carbon atom content structure 
(B) — 10 — 300 weight-section — the proton conductive film according to claim 1 
characterized by things. 

[Claim 11!1A manufacturing method of a proton conductive film given in any 1 paragraph of claims 
1-10 characterized by comprising the following. 

A carbon atom content structure constituent (D) which has two or more hydrolytic silyl groups. 
The 1st process of preparing a mixture containing a proton conductivity grant agent (C). 
The 2nd process of producing a prepared this mixture by arbitrary means. 

The 3rd process of forming a three-dimensional structure-o^-cross-linkage object (A) by making 
a hydrolytic silyl group contained in a produced this mixture hydrolyzing and condensing, 

[Claim 1 2]A carbon atom content structure constituent CD) which has two or more hydrolytic 
silyl groups, A manufacturing method of the proton conductive film containing a compound (E) 
which has two or more 3 organic-functions hydrolytic silyl groups, and every at least one or 
more compounds (F) which have two or more 2 organic-functions hydrolytic silyl groups 
according to claim 11. 

[Claim 13]A manufacturing method of the proton conductive film according to claim 11, wherein 
a carbon atom content structure constituent (D) which has two or more hydrolytic silyl groups 
contains a compound (G) which has both a 3 organic-functions hydrolytic silyl group and one or 
more Z organic-functions hydrolytic silyl groups. 

[Claim 14]A manufacturing method of the proton conductive film according to claim 12, wherein 
a compound (E) which has two or more 3 organic-functions hydrolytic silyl groups is a compound 
expressed with the following formula (4), 
[Formula 4] 

FVh V\ «IR">» ( 4 ) 

(Among a formula, R 3 is either a methoxy group, an ethoxy basis, a phenoxy group or chlorine, 
and X shows the structure of the formula (1) mentioned above, a formula (2), or a formula (3).) 
[Claim 15] A manufacturing method of the proton conductive film according to claim 12, wherein 
a compound (F) which has two or more 2 organic-functions hydrolytic silyl groups is a compound 
expressed with the following formula (5). 
[Formula 5] 

(Among a formula, either a methoxy group, an ethoxy basis, a phenoxy group or chlorine and 
are either a methyl group, an ethyl group or a phenyl group, and. as for Y. R shows structure of 
a formula (1) mentioned above, a formula (2), or a formula (3)0 

[Claim 16]A manufacturing method of the proton conductive film according to claim 13, wherein 
a compound (G) which has both a 3 organic— functions hydrolytic silyl group and one or more 2 
organic-^functions hydrolytic silyl groups is a compound expressed with the following formula (6). 
[Formula 6] 

fWsSI ra skr*!, ^ C e 3 

(Among a formula, either a methoxy group, an ethoxy basis, a phenoxy group or chlorine and R 4 
are either a methyl group, an ethyl group or a phenyl group, and, as for Z, R shows the structure 
of the formula (1) mentioned above, a formula (2). or a formula (3),) 
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[Claim 17]A manufacturing method of the proton conductive film according to claim 11 
characterized by making: water (H) contain in a mixture at the 1st process beforehand in order to 
make the efficiency of the 3rd process increase. 

[Claim 18]A manufacturing method of the proton conductive film according to claim 11 
performing further a process aged at 100^300 following on the 1st - the 3rd process. 
[Claim 19]A fuel cell which uses a proton conductive film of a statement for any 1 paragraph of 
claims 1-10. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In detail this invention to the proton (hydrogen ion) conductivity film 
which was rich in flexibility, its manufacturing method and the fuel cell using it, and a pan, In 
order to shqw the proton conductivity which was excellent in heat resistance or endurance and 
was moreover excellent also in the elevated temperature and to satisfy the various physical 
properties of mechanical performance like flexibility. It is related with the proton conductive film 
with which the direct fuel type fuel cell which supplies iiiel. such as direct methanol and 
methane, can be presented, its manufacturing method, and the fuel cell using these proton 
conductive films further, 
[0D0Z] 

[Description of the Prior Artjln recent years, since generation efficiency is highly excellent in 
environment nature, the fuel cell attracts attention as a power plant of the next generation 
which can contribute to solution of the environmental problem and energy problems which are 
big SUBJECT socially, Although a fuel cell is generally classified into some types according to an 
electrolytic kind, even if it compares a polymer electrolyte fuel cell (it may be hereafter called 
PEFC for short) with which other types, they are small size and high power also in this, 
a small-scale type on site and a mobile (for example, power source of vehicles) — it is 
considered as the next-generation main force as fvel cel[s r such as business and portable. 
Thus, PEFC has the outstanding strong point theoretically. 
Development towards utilization is performed briskly. 

[0003]By the way, in this PEFC, hydrogen is usually used as fuel. Hydrogen is decomposed into a 
proton (hydrogen ion) and an electron by the catalyst installed in the anode side of PEFC, 
Among these, an electron is supplied outside, and is used as electrical and electric equipment, 
and it circulates through it to the cathode side of PEFC, On the other hand, a proton is supplied 
to a proton conductive film (electrolyte membrane), and moves to the cathode side through a 
proton conductive film. In the cathode side r a proton, the electron through which it has 
circulated, and the oxygen introduced from the outside are combined by the catalyst and water 
arises. That is, if it sees with a PEFC simple substance, PEFC will be a very clean energy source 
which takes out the electrical and electric equipment, when making water from hydrogen and 
oxygen. Although the hydrogen obtained by a certain method (for example, hydrogen extraction 
by methanol reforming) is usually used, the hydrogen supplied to a fuel cell, Directly, the direct 
fuel type fuel cell which introduces methanol etc into a fuel cell and picks out a proton and an 
electron from methanol (the indifferent water is used together) according to a catalyst is also 
being: examined briskly, 

[00Q4]Here. a proton conductive film has a duty which tells the proton produced with the anode 
to the cathode side. Movement of this proton takes place in concertante performance with 
electron flow as above-mentioned. That is. in PEFC, in order to obtain a high output (namely, 
high current density), it is necessary to perform proton conduction at sufficient quantity and a 
high speed. For this reason, it is not an overstatement even if the performance of a proton 
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conductive film calls it the key material which opts for the performance of PEFC. A proton 
conductive film not only conducts a proton, but has a role of an insulator layer which carries out 
electric insulation of an anode and a cathode, and a role of a fuel barrier film keep the fuel 
supplied to the anode side from leaking to the cathode side- 

[0005]Now T the main proton conductive films currently used in PEFC are fluoro-resin system 
films which make perfluoro alkytene a main skeleton and have ion exchange groups, such as a 
sulfonic group and a carboxylic acid group, at the end of a perfluoro vinyl ether side chain in part, 
as such a fluoro-resin system film — for example, a Nafion (R) film (DuPonO US. Pat. No. 
4,330,654, a Dow film (DowChemical, JP,4~366137,A). an Aciplex (R) film (Asahi Chemical 
Tndustry Co,. Ltd-. JP,6-342665 P A), a Flemion (R) film (Asahi Glass Co. T Ltd.), etc. are known. 
[C006]From the flume crack which has glass transition temperature (Tg) at nearly 130 **, and 
this temperature neighborhood, since what is called creep happens, the proton conduction 
structure in a film changes and these fluoro-resin system film cannot demonstrate stable proton 
conduction performance. In high— temperature-heat Mizushita (for example, not less than 100 *+). 
When arranging a sulfonic group, a carboxylic acid group, etc. on a polymers side chain which is 
used now and considering It as the proton conductivity grant agent, desorption of a sulfonic 
group and a carboxylic acid group will take place, and it will replace by the hydroxyl group which 
hardly has an effect of proton conduction performance grant- The maximum temperature usable 
stable over a long period of time used now is usually made 80 by such reason. 
[0007]By the way T since the chemical reaction is used for the fuel cell in the princIple T as for 
energy efficiency, the direction which carries out operating at high temperatures becomes high. 
That is, considering the same output, the device in which operating at high temperatures is 
possible can be smaller, and it oan make it lightweight. Since the heat can also be used if 
operating at high temperatures is carried out, what is called pogeneration (cogeneration) 
becomes possible, land total energy efficiency improves by leaps and bounds. For this reason, the 
to some extent higher one is made good, and not less than 100 of operating temperature of 
the fuel cell is usually made preferred [ especially not less than 120 I 

[0003]When the hydrogen supplied is not fully refined, the catalyst currently used for the anode 
side may lose activity with the impurity (for example, carbon monoxide) of fuel (what is called 
catalyst poisoning), and has been big SUBJECT which influences the life of PEFC. It is known 
that it will be avoidable also about this catalyst poisoning if a fuel cell can be operated at an 
elevated temperature, and it can be said also from this point that it is preferred to carry out 
operating at high temperatures more as for a fuel celL If the operation in an elevated 
temperature is attained, it is not necessary to use the pure article of the precious metals, such 
as platinum currently used conventionally, it becomes possible to use a metaled alloy variously, 
and the catalyst itself is dramatically advantageous also from the field of cost, or the field of 
resources, 

[P009]Although various examination which extracts a proton and an electron from fiiel efficiently 
directly is performed in the direct fuel type fuel cell now, at low temperature, It is difficult and it 
is supposed in the elevated temperature (for example, not less than 150 **) that it is possible. 
[OOlOlThus. since it is to 80 as the heat resistance of a proton conductive film is the above- 
mentioned in spite of supposing that it is preferred to carry out operating at high temperatures 
more as for PEFC from various fields, the actual condition is that operating temperature is also 
regulated by 80 Moreover, the reaction which occurs during a fuel cell operation is an 
exoergic reaction. 

If it is made to operate, the temperature in PEFC will rise spontaneously. 

However, since a proton conductive film has only the heat resistance up to about 80 W r it needs 
to cool PEFC so that It may not become not less than 80 A water cooling system is taken 
and cooling is usually put into the device of such cooling by the separator portion of PEFC, [f 
such a cooling method is taken, PEFC is large as the whole device, and becomes heavy, and the 
small size and the feature of being lightweight which are the original features of PEFC cannot 
fully be employed efficiently. If the operation critical temperature considers it as 80 ** 
especially, in the simplest water cooling system as a cooling method, effective cooling is difficult. 
Here, since the quantity of the water used at the time of cooling by being able to cool effectively 
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that the operation of not less than 100 is possible as evaporation heat of water, and also 
refluxing water can be reduced dramatically, the miniaturization of a device and a weight saving 
can be attained. In using as an energy source of vehicles especially, If the case where 
temperature control is carried out at 80 ** is compared with the case where temperature 
control is carried out above 100 **. since the capacity of a radiator and cooling water can 
decrease greatly. PEFC which can operate above 100 **. le. T a proton conductive film with the 
heat resistance of not less than 100 **, Is desired strongly. 

[0011]As mentioned above, in spite of desiring an elevated-temperature operation of PEFC. i.e.. 
the elevated-temperature heatproof of a proton conductive film* in respect of versatility, the 
field of generation efficiency, cogeneratlon efficiency, and cost and resources, cooling efficiency, 
etc.. The proton conductive film having sufficient proton conductivity, and physical and 
mechanical properties, such as heat resistance and endurance, does not exist 
[00!Z]In order to raise the basis of such a background, and the operating temperature of PEFC, 
the proton conductive material with various heat resistance and endurance is examined and 
proposed until now. The heaWesistant aromatic system polymer material used as instead of [ of 
the conventional fluorine system film ] is typical, For example, poJybenzirnidaz;o[e (JP T 9- 
1109S2,A). polyether sulphone (JP T 1Q-21943A JP,1 0-4591 3,A\ a polyether ether ketone (JP,9- 
8751 0^), etc, are mentioned, Although these aromatic system polymer materials have the 
advantage that there are few structural changes at the time of an elevated temperature. There 
is much what, on the other hand, introduced a direct sulfonic group, a carboxylic acid group, etc, 
into aromatic series, and in this case, a possibility that remarkable desulfonation and a 
decarboxylation will happen in an elevated temperature is high, and is not preferred as an 
elevated-temperature operation -film. 

[0013]These aromatic system polymer materials do not take ion channel structure etc, like a 
fluaro-resin system film In many cases, When water exists, there is a tendency for the whole film 
to swell strongly, and As a result, for change of the film size in this dryness and damp or wet 
condition. Stress is applied to the joined part of a film-electrode conjugate, a possibility that the 
joined part of a film and an electrode will peel or a film will be torn is high, and there is a problem 
that membrane failure may happen by the strength reduction of the film by swelling, further, [n 
dryness, since aromatic tendency molecule material is all a very upright high molecular 
compound, it has the problem that possibilities, such as breakage, are high, in the case of film- 
electrode conjugate formation, 

[0Q14]On the other hand, the following inorganic materials are also proposed as a proton 
conductive material. For example, south has obtained the inorganic material of proton 
conductivity by adding various acid En a hydrolytic silyl compound (Solid5tate[onIcs74 (1994), the 
105th page). Although these inorganic materials show proton conductivity stably also at an 
elevated temperature, when it is considered as a thin film, it is easy to be divided, and there is a 
problem that handling and film-electrode conjugate production are difficult, [n order to conquer 
such a problem, the method (JP.8-249923 f A) of grinding the inorganic material of proton 
conductivity, for example, and mixing with an elastomer, the method (JP,10-698l7 f A) of mixing 
with sulfonic group content polymers, etc, are tried, but Since the inorganic bridging body was 
only mixed for the polymeric material of the binder as for each of these methods. A fundamental 
thermal property does not hsavq: a polymeric-material independent and a big difference, a 
structural change of a polymeric material takes place in a high temperature region, stable proton 
conductivity is not shown, and. moreover, in many cases, proton conductivity is not high, either. 
[0015]As mentioned above, in order to improve the problem in the conventional polymer 
electrolyte fuel cell In spite of having done the research and development about various 
electrolyte membrane materials, the actual condition was that the proton conductive film which 
has sufficient endurance and was [ old place ] satisfied with the elevated temperature (for 
example, not less than 100 **) of the various physical properties of mechanical performance like 
flexibility does not yet exist, 
[0016] 

[ProblemCs) to be Solved by the Invention]In order that the purpose of this invention may salve 
the problem in the conventional polymer electrolyte fuel cell, The proton conductivity which was 
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excellent in heat resistance or endurance and was moreover excellent also in the elevated 
temperature is shown, and it is In providing the proton conductive film with which it was satisfied 
of the various physical properties of mechanical performance like flexibility, its manufacturing 
method, and the fuel cell using these proton conductive films. 
[0017] 

[Means for Solving the Problem]When this invention persons repeat research wholeheartedly 
about various electrolyte membrane materials in view of an aforementioned problem, as an 
essential ingredient which constitutes a film. By selecting combination of a specific organic 
substance, a three-dimensional structure-of-cross-linkage object which has the silicon-oxygen 
bond combined with it, and a proton conductivity grant agent, Et excels in heat resistance and 
endurance which network structure of a proton conductivity grant agent is formed T and do not 
look at an example to the former as a result And proton conductivity excellent also in an 
elevated temperature is shown, and rt finds out that epoch-making organic inorganic composite 
membrane with which rt is satisfied of the various physical properties of mechanical performance 
like flexibility is obtained and came to complete this invention. 

[0Q1S]Namely, a three-dimensional structure-of-cross-linkage object (A) which has a silicon- 
oxygen bond according to the invention of the 1st of this invention, Are a carbon atom content 
structure (B) and a proton conductivity grant agent (C) a proton conductive film to contain, and 
(0 carbon atom content structure (B) f It has a number average molecular weight of 56-30,000, 
and has at least four connected carbon atoms in a main chain, and a proton conductive film 
further characterized by GO three-dimensional structure-of-pross-linkage object (A) and a 
carbon atom content structure (B) being combined by covalent bond is provided. 
[001 9] According to the invention of the 2nd of this invention, in the 1st invention, a proton 
conductive film, wherein a three-dimensional structure-pf-crossHinkage object (A) and a carbon 
atom content structure (B) have two or more combination is provided, 
[00Z0]AccordIng to the invention of the 3rd of this invention, in the 1st invention, a proton 
conductive film, wherein a three-dimensional structure-o^crossHinkage object (A) hydrolyzes 
and condenses simultaneously both sides of 3 organic-functions ARUKOSHI xylan structure and 
2 organic-functions ARUKOSHI xylan structure and is formed is provided. 
[0021] According to the invention of the 4th of this invention, in the 3rd invention, a proton 
conductive film, wherein a main skeleton portion of a carbon atom content structure (B) is a 
hydrocarbon— structures object which consists only of carbon and hydrogen is provided. 
[0022]According to the invention of the 5th of this invention, in the 4th invention, a proton 
conductive film in which a main skeleton portion of a carbon atom content structure (B) is 
characterized by having the structure shown by the following formula (1) is provided, 
[Formula 7] 

— (CMj n & ( i j 

(n shows the integer of 2-20 among a formula.) 

[0023]Accordingto the invention of the 6th of this invention, in the 4th invention, the proton 
conductive film in which the main skeleton portion of a carbon atom content structure (B) is 
characterized by having the structure shown by the following formula (2) is provided. 
[Formula 8] 

— (GH^— m (CH^ a ( Z ) 

(m shows the integer of 0-10 among a formula, and Ar shows the arylene structure of the carbon 
numbers 6-30,) 

[00Z4]According to the invention of the 7th of this invention, in the 3rd invention, the proton 
conductive film in which the main skeleton portion of a carbon atom content structure (B) is 
characterized by having the organic siloxane structure shown by the following formula (3) is 
provided. 
[Formula 9] 
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r 



R 2 



(R T and R 2 shew either a methyl group, an ethyl group or a phenyl group among a formula, p 
shows the integer of Q-ZO, and q shows ZO or less natural number, respectively.) 
[OOZSjAccording to the invention of the 8th of this invention, in the 1st invention, a proton 
conductive film, wherein a proton conductivity grant agent (C) is heteropoly acid is provided 
[0026]Accordine to the invention of the 9th of this invention, in the 8th invention, the proton 
conductive film according to claim 8. wherein heteropoly acid is either tungstophosphoric acid, 
mofybdophosphoric acid or tongue strike silicic acid is provided. 

[0027]Acoording to the invention of the 10th of this invention, in the 1st invention a proton 
conductivity grant agent (C), as opposed to total quantity 100 weight section of a three- 
dimensional structure-of-cross-linkage object (A) and a carbon atom content structure (B) 
10 - 300 weight-section **** — the proton conductive film according to claim 1 characterized 
by things is provided, 

[0028]The carbon atom content structure constituent (D) which, on the other hand, has two or 
more hydrolytic silyl groups according to the invention of the 11th of this invention, The 1st 
process of preparing the mixture containing a proton conductivity grant agent (C), The Znd 
process of producing the prepared this mixture by arbitrary means, and the hydrolytic silyl group 
contained in the this produced mixture are hydrolyzed. Either of the 1-1 0th inventions including 
the 3rd process of forming a three-dimensional structure-of-crossHinkage object (A) is provided 
with the manufacturing method of the proton conductive film of a statement by making it 
condense. 

[0029]A carbon atom content structure constituent (D) which has two or more hydrolytic silyl 
groups in the 11th invention according to the iZth invention of this invention. A manufacturing 
method of a proton conductive film containing a compound (E) which has two or more 3 organic- 
functions hydrolytic silyl groups, and every at least one or more compounds (F) which have two 
or more 2 organic-functions hydrolytic silyl groups is provided, 

[0030]A carbon atom content structure constituent (D) which has two or more hydrolytic silyl 
groups in the 11th invention according to the 13th invention of this invention. A manufacturing 
method of the proton conductive film containing a compound (<3) which has both a 3 organic- 
funotions hydrolytic silyl group and one or more 2 organic-functions hydrolytic silyl groups 
according to claim 11 is provided. 

[0031] According to the invention of the 14th of this invention, in the 12th invention, a 
manufacturing method of a proton conductive film, wherein a compound (E) which has two or 
more 3 organic-functions hydrolytic silyl groups Is a compound expressed with the following 
formula (4) is provided. 
[Formula 10] 

[H \& pq SW*b 3* ( 4 ) 

(Among a formula. R 3 is either a methoxy group, an ethoxy basis, a phenoxy group or chlorine, 
and X shows structure of a formula (1) mentioned above, a formula (2), or a formula (3)J 
[0032] According to the invention of the 15th of this invention, in the 12th invention, a 
manufacturing method of a proton conductive film, wherein a compound (F) which has two or 
more 2 organic-functions hydrolytic silyl groups is a compound expressed with the following 
formula (5) is provided- 
[Forrnula 11] 

(Among a formula, either a methoxy group, an ethoxy basis, a phenoxy group or chlorine and R 4 
are e i t her a methyl group, an ethyl group or a phenyl group, and, as for Y T R 3 shows the structure 
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of the formula (1) mentioned above, a formula (2). or a formula (3)J 

[0033J According: to the invention of the 16th of this invention, in the 13th invention, the 
manufacturing method of a proton conductive film, wherein the compound (G) which has both a 3 
organicHxinctions hydrolytio silyl group and one or more 2 organic— Functions hydrolytic sily! 
groups is a compound expressed with the following formula (6) is provided. 
[Formula 12] 

(Among a formula, either a methoxy group, an ethoxy basis, a phenoxy group or chlorine and R 4 

are either a methyl group, an ethyl group or a phenyl group, and. as for Z T R 3 shows the structure 
of the formula (1) mentioned above, a formula (2), or a formula (3)*) 

[0034]According to the invention of the 17th of this invention, in the 11th invention, in order to 
make the efficiency of the 3rd process increase, the manufacturing method of the proton 
conductive film making water (H) contain in a mixture at the 1st process beforehand Is provided, 
[0035]Acoordingto the invention of the 18th of this invention, rn the 11th invention, the 
manufacturing method of the proton conductive film according to claim 11 performing further the 
process aged at 100-300 ++ following on the 1st - the 3rd process is provided, 
[0036]According to the invention of the 19th of this invention, the fuel cell which uses the 
proton conductive film of a statement for either of the 1-1 0th inventions is provided* 
[0037] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. 
[0038]The proton conductive film of this invention contains the three-dimensional structure^-of^ 
cross-linkage object (A) and (A), the carbon atom content structure 03) which carried out the 
covalent bond, and a proton conductivity grant agent (C) as an essential ingredient which 
constitutes a film. 

E0039}Then f on account of explanation* although a full account is given one by one about above- 
mentioned (A) - (C), if a carbon atom content structure (B) is explained first, a carbon atom 
content structure (B) needs to have a three-dimensional structure-of-crossHinkage object (A) 
and one or more covalent bonds. Here, unless it has combination at all, these hydrocarbon 
compounds have a gas, a liquid state, or the shape of paraffin dissolved at an elevated 
temperature, and are not realized as a proton conductive film used at an elevated temperature. 
As for bridge construction, only just one is [ combination with (A) ] insufficient, and as for the 
intensity of sufficient film, since it is not obtained but phase separation structure moreover also 
collapses easily, it is preferred to have two or more combination. Acquisition of material is 
difficult for what, on the other hand, has three or more combination, and since crosslinking 
density goes up, ft becomes hard and pliability is spoiled, as a bonding number, two is preferred. 
[0040]However, when combination with (A) fully has two or more (B\ as long as it can secure 
membranous pliability and conduction stability, the carbon atom inclusion which has not been 
combined with (A), the thing combined with {A) one time, or the thing united three or more may 
be contained. Since the minimum content of (B) whose bonding number with (A) is 2 in that case 
is based also on the chain length of (B) f it cannot generally be sard, but it is usually not less than 
50%. 

[0041]When the bonding number of (A) and (B) uses saturated hydrocarbon as a main skeleton 
portion by 2, the compound represented by a following formula (1) and formula (2) is preferred. 
The organic siloxane expressed with the following formula (3) is also mentioned as a structure of 
fulfilling membranous various physical properties. 
[004Z] 

[Formula 13] 

— FHdn ^ ( 1 ) 

(n shows the integer of 2-20 among a formula.) 

[0043] 

[Formula 14] 

— ICHflJm — m (CHd* 5C ( 2 ) 
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(m shows the integer of 0-10 among: a formula, and Ar shows the arylene structure of the carbon 

numbers? 6-30.) 

[0044] 

[Formula 15] 



CR 1 and R 2 show either a methyl group, an ethyl group or a phenyl group among a formula, p 
shows the integer of Q-20, and q shows 20 or less natural number, respectively.) 
[0045]A compound of the above-mentioned formula (1) Is combined with a three-dimensional 
structure-of^cross-linkage objeot (AD at both ends of a methylene chain. Here, although 2~20 
are pj^fg^d a3 f or several n of a methylene chain, 4-14 are used especially preferably, [fa film 
becomes weak in 1 and n increases more than 20 on the other hand, an effect of improvement in 
heat-resistant with a three-dimensional structure-of-crossHinkage object (A) will decrease, A 
compound represented by formula (2) on the other hand when a bonding number of (A) and (B) 
uses unsaturated hydrocarbon as a main skeleton portion by 2 is preferred. The paraffin, for 
example, methane, which has the chain structure of CH2 as an example. Ethane, propane, 
butane, pentane T hexane, heptane, octane, A thing of straight chain shape, such as nonane. 
Deccan, an undecane, a dodecane, a tridecane, tetradecane, pentadeoane, hexadecane, 
heptadecane, actadecane. nonadecane, and an eicosane, its isomer, or a branched thing is 
mentioned. 

[0046]A compound of the above-mentioned formula CZ) has the arylene structure containing an 
aromatic ring, may have alkylene structure Into a portion connected with a three-dimensional 
structure-of-crossHinkage object (A), and may couple it directly with rt (m= 0). (although 1-10 
are preferred as for m. 1-especially 6 are preferred) Here, replacement positions in particular to 
an aromatic ring may not have limitation, alt.** meta. Para, and any may be sufficient as them, 
and a mixture may be sufficient as them. As an example of arylene structure, benzene, biphenyl, 
terphenyl. Quarter phenyl or a naphthalene derivative, an anthracene derivative, a pyrene 
derivative, an acenaphthylene derivative, a fluorene derivative, a phenanthrene derivative, 
perylene derivatives, these substitution products, etc, are mentioned 

[0047]As an example of representation of a main skeleton portion of a carbon atom content 
structure (B), A compound of tine above-mentioned formula (3) was mentioned, and in this 
compound, it couples directly with a three-dimensional structure-of^rossHinkage object (A) by 
siloxane bond both ends, or (p= 0) has joined together via alkylene structure (although 1-10 are 
preferred as for p, 1-especially 6 are preferred). Here, although 2-20 are preferred as for several 
q of a siloxane chain, 6-10 are used especially preferably, [f q increases more than 20, an effect 
of improvement in heat-resistant with a three-dimensional structure-of-cross-Iinkage object (A) 
will decrease- Specifically, structures which repeat dimethyfeiloxane, a diethyl siloxane. a 
JIFENIRURU siloxane, an ethylmethyl siloxane, a methylphenyl siloxane, and an ethylphenyl 
siloxane, or those BURROKU connected structure are mentioned. 

[0048]This carbon atom content structure (B) gives moderate pliability to a proton conductive 
film, and it is used in order to make easy handling by a film independent, and creation of a film- 
electrode conjugate. By adjusting compatibility wrth a protgn conductivity grant agent (C), an 
island and (C) make it take phase separation structure of the shape of a sea island used as the 
sea, and, simultaneously with it, (B) realizes high conductivity. For the former T as for (B), since 
crosslinking density is adjusted by chain length of (B), it is preferred to have moderate length. 
Since moderate length said here is Influenced by branching of a chain, the flexibility of 
combination, existence of a ring structure, etc,, it cannot be limited, but in carbon-carbon 
methylene chain combination, one to about 50 are preferred, and especially its combination of 4— 
20 is preferred. In order to become a weak film, and to close an ion conduction course on the 
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other hand if toe long although it is usable when a carbon to carbon bond is one to about three, 
conductivity falls and it is not desirable. 

[0049]Next, if a proton conductivity grant agent (C) Is explained, a proton conductivity grant 
agent CO of this invention bears a duty which raises proton concentration in a proton conductive 
film, but In view of proton conductivity being proportional to concentration of a medium (water 
usually supplied separately) which transmits concentration of a proton r and a proton, when a rise 
of proton concentration realizes high proton conductivity of this invention, It is indispensable. 
[0050]As a proton conductivity grant agent (C), what is called an acid compound that emits a 
proton is used- Here, as a kind of acid compound added as a proton conductivity grant agent, 
phosphoric acid sulfuric acid, sulfonic acid, carboxylic acid T boric acid, heteropoly acid, those 
derivatives, etc. are mentioned. In this invention, two or more sorts of of these acid or its 
derivative may be used together. Also in these, it is preferred to use heteropoly acid. Here, 
heteropoly acid refers to inorganic oxo acid, and what has Keggin structure of tungstophosphorrc 
acid T molybdophosphoric acid, tongue strike silicic acid, etc, and the Dawson structure also in it 
is used preferably- 

[0051]These heteropoly acid has large molecular size enough, and dution of acid from a film is 
considerably controlled also under existence qf water eta Heteropoly acid has ion polarity and 
hydrogen bond power, and as mentioned above. Since rt becomes possible to be held in a fiim by 
polar interaction with a silicon-oxygen bond, and to prevent elation of acid at the same time 
phase separation with a carbon atom content compound (B) happens efficiently and conductivity 
increases. In a proton conductive film used at an elevated temperature over a long period of 
time, it can use preferably especially. If acidity is large and molecular size and a size of polar 
interaction with a metal-oxygen bond are taken into consideration also in inorganic solid acid, 
tungstophosphoric acid, molybdophosphoric acid, and tongue strike silicic acid will be used 
especially preferably. In this invention, these heteropoly acid and other acid may be used 
together as a proton conductivity grant agent (CX and. in addition to this, two or more organic 
acid and inorganic acid may be used together. 

[005Z]As a proton conductive fiim of this invention was mentioned above, use as an essential 
ingredient a carbon atom content structure (B) and a proton conductivity grant agent (C) which 
carried out the ccvalerrt bond to the three-dimensional structure-of-cross-linkage object (A) 
and (AX but among these — a proton conductivity grant agent (C) receives total quantity 100 
weight section cf a three-dimensional structure-of-crossHinkage object (A) and a carbon atom 
content structure (B) — -10- 300 weight-section **** — rt is characterized by things, [f a 
proton conductivity grant agent CO is ten or less weight sections to total quantity 100 weight 
section of a three-dimensional structure-of^ross-linkage object (A) and a carbon atom content 
structure (B) T Since rt becomes impossible for sufficient conductivity not to be expectable, to 
secure a film property on the other hand if more than 300 weight sections, and for a proton 
conductivity grant agent (C) to hold enough by three-dimensional struct ure-of-cross-linkage 
object (A) and a carbon atom content structure (B), loss out of a film of a proton conductivity 
grant agent (C) takes place. 

[0053]AIthough a proton conductive film of this invention uses as an essential Ingredient a 
carbon atom content structure (6) and a proton conductivity grant agent (C) which carried out 
the covalent bond to the three-dimensional structure-of-crossHinkage object (A) and (A), Other 
optional components, such as a reinforcing agent, a softening agent a surface-active agent, a 
dispersing agent, a reaction accelerator, stabilizer, colorant, an antioxidant, inorganic matter, or 
an organic bulking agent, can be added within limits which do not spoil the purpose of this 
invention besides it 

[0054]A proton conductive film of this invention is producible with some man ufactu ring methods 
stated to the following 1-3. for example. 

1) A carbon atom content structure constituent (D) which has a substituent (for example, 
hydrplytic silyl compound) which forms a three-dimensional structure-cf-cross-linkage object 
(A) which consists of a silicon-oxygen bond one or more, The first process of preparing a 
mixture which mixed a proton conductivity grant agent CO, A substituent (for example, hydrolytic 
silyl compound) which forms a three-dimensional structure-of-cross-IInkage object (A] which 
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consists of a silicon-oxygen bond included in the second process of producing it by a publicly 
known means, and produced material is hydrolyxed, what is called sol that forms a three- 
dimensional structure-of-cross-linkage object (A) by a condensation reaction — a method of 
forming a three-dimensional struct ure-of-cross-linkage object (A) by passing through the third 
process of performing a gel (sob-gel) reaction, and obtaining the target proton conductive film. 

2) A substituent which forms a three-dimensional structure-of-cross-Hnkage object (A) which 
consists of a silicon-oxygen bond. After preparing the system of reaction containing a carbon 
atom content structure constituent (Dj which has (for example, a hydrolytic silyl compound) and 
producing it by a publicly known means, by making a steam or water exist sol — a method of 
obtaining the? target proton conductive film by performing a gel (sol-gel) reaction, forming a 
three-dimensional structure-of-cross-Iinkage object (A), contacting a film produced by making it 
such, and a solution containing a proton conductivity grant agent (C), and introducing a proton 
conductivity grant agent (C) into a film. 

3) a basis (for example, unsaturated bonds, such as a vinyl group,,) in which a carbon atom 
content compound (B) and a covalent bond are possible A three-dimensional structure-of- 
cross-Iinkage object (fid whfch consists of a silicon-oxygen bond which has a -Functional group in 
which covalent bonds, such as a hydroxy! group, an amino group, and an isocyanate group, are 
possible is formed in the shape of a film. How to obtain the target proton conductive film by 
impregnating this with a carbon atom content compound and a proton conductivity grant agent 
(C) which have a substituent reacted to a basis in which the above-mentioned covalent bond is 
possible, and making a covalent bond form in (A) and (B). 

[0055]Although not limited for a process of this invention to the above-mentioned manufacturing 
method at all, said especially method of 1 is preferred from fields, such as simplicity of operation, 
reliability, and a manufacturing facility, also in these. 

[0056]Next, in order to give a full account further about a manufacturing method of a proton 
conductive film of this invention, said method of 1 is explained along with order of each process. 
Cn a suitable manufacturing method of a proton conductivity grant agent of this invention, tho 
first process of preparing a carbon atom content structure constituent (D) which has one or 
more hydrolytic silyl groups, and a mixture containing a proton conductivity grant agent (C) is 
included. 

[0057]As a substituent which forms here a three-dimensional structure-of^crossHinkage object 
(A) which consists of a silicon-oxygen bond, a hydrolytic silyl group is preferred. As a hydrolytic 
silyl group, for example Trimethoxysilane, triethoxysilane. Trial koxysUane. such as a triisopropoxy 
silane and triphenoxysilane. Tori halogenation Silang, such as trichlorosilane, 
methyldiethoxysilane, Methyl dimethoxysilane. ethyldiethoxysilane, ethyl dimethoxysilane. 
Dialkoxy one or dihalogen-Ized silyl groups, such as rnethyldi chlorosilicane and 
ethyldichlorosilane, Monoalkoxy such as a dimethylethoxy silane, dimethyl methoxysilane, 

and dimethylchlorosilicane. can use a mono- halogenation silyl group or a hydroxy silyl group. 
Various compounds are marketed, it is easily and cheaply available, and these hydrolytic silyl 
group is easy to control a sol-gel reaction which forms a three-dimensional bridging body which 
consists of a silicon-oxygen bond. 

[0058] Hydrolytic metallic compounds which give these other metallic oxides, such as titanium, a 
zirconium, and aluminum, in that case, For example, a carbon atom content compound containing 
substituents, such as a complex with an alkoxide (mono- ** JL Tori) of titanium, a zirconium, and 
aluminum or an acetylacetone. may be added, As for hydrolytic metallic compounds other than 
these silicon, although there is no restriction tn an addition, it is preferred to consider It as an 
addition not more than 50mo(% from the ease of cost or reaction control to a hydrolytic sily! 
group. 

[0059]A hydrolytic inorganic compound may be added as a precursor of a three-dimensional 
structure-of-cross-linkage object which becomes these from a metal-oxygen bond which does 
not have a carbon atom content compound (D) and combination. As such a hydroiytic inorganic 
compound, for example A tetraethoxysllane, A tetramethoxy silane, tetra-isopropoxysilane T 
tetra-n-butoxysilane T tetraHr-butoxysilane, Or alkoxy silicate, such as monoalkyl one of these 
and dlatkyl, Phenyltriethoxysilane, halogenation Sifang. tetraethoxytitanium, tetra-isopropoxy 
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titanium, tetra-n-butoxytitaniurn. tetraHr-butoxytitanium, Or alkoxy titanate containing 
crosslinking reaction speed-^contral group substitution products, such as monoafkyl one of these, 
a dialkyt object, and an acetylacetone, the oligomer, alkoxy zirconate, etc. are mentioned As for 
an addition ratio of a carbon atom content structure constituent (D) and hydrolytic metallic 
compounds which do not have combination, it is desirable to use less than 30mol% to a carbon 
atom content structure constituent (D) which has one or more hydrolytic silyl groups, tf it carries 
out more than 30mol%, phase separation structure of a carbon atom containing phase and a 
mineral phase becomes indefinite, and high proton conductivity cannot be demonstrated. 
[006CGA hydrolytic silyl group is a precursor of a three-dimensional structure-of~cross-linkage 
object which consists of silicon— oxygen T and In order tougher and to obtain a film of proton 
conductivity, what has two hydrolytic silyl groups is used preferably. As for bridge construction 
after a sol-gel reaction, only just one is £ a hydrolytic silyl group ] insufficient, and since 
Intensity of sufficient film is not obtained, and phase separation structure also collapses easily 
and conductivity is not securable, rt is preferred to have two or more combination. Acquisition of 
material is difficult far what, on the other hand T has three or more combination, and since 
crosslinking density goes up. rt becomes hard and pliability is spoiled, especially as a bonding 
number. Z Is preferred. However^ as long as a hydrolytic silyl group fully has a carbon atom 
content compound CD) whose number is two, a carbon atom content compound which does not 
have a hydrolytic silyl group, a thing which has one hydrolytic silyl group, and a thing which has 
three or more hydrolytic silyl groups may be contained. Since a ratio of a carbon atom content 
structure constituent CP) which has two hydrolytic silyl groups is based also on chain length and 
structure of a carbon atom content compound of (DX it cannot generally be said, but it is usually 
not less than 50%. 

[0061]A proton conductive film of this invention showed proton conductivity which was excellent 
in heat resistance or endurance and was moreover excellent also in an elevated temperature, 
and also satisfies various physical properties, such as mechanical performance. Therefore, a 
carton atom content structure constituent CD) which has two or more hydrolytic silyl groups, . 
[ whether a compound (E) which has two or more 3 organic-Functions hydrolytic silyl groups, and 
every at least one or more compounds CP) which have two or more 2 organic— functions 
hydrolytic silyl groups are contained, and ] Or a compound (G) which has both a 3 organic- 
functions hydrolytic silyl group and one or more Z organic-functions hydrolytic silyl groups is 
contained. 

[0062jThe three-dimensional structure of cross linkage which consists of silicon-oxygen which 
consists of a 3 organic-functions hydrolytic silyl group can secure heat resistance and 
endurance by the precise meshes of a net, works effective also in phase separation with a 
carbon atom content structure portion, and also has elevated-temperature high conductivity. 
However, it also has the compactness, therefore mechanical weak point where it is weak hard. 
Although heat resistance and conductivity are sacrificed for some three-dimensional structure 
of cross linkage which consists of silicon-oxygen which consists of a Z organic— Functions 
hydrolytic silyl group on the other hand, it has the strong point in which various physical 
properties, such as mechanical performances, such as flexibility and pliability, are satisfied. If 
each is independent, It is difficult to conquer these weak points, but each fault Is suppliable with 
doubling and having both. The mixing ratio of a compound (E) which has two or more these 3 
organic-functions hydrolytic silyl groups, and a compound (F) which has two or more Z organic- 
functions hydrolytic silyl groups is not limited especially as long as both are used together, but it 
is actually preferred. [ of a rate of 1:99-99;! ] 

[P063]As a compound CE) which has the two or more above-mentioned 3 organic-functions 
hydrolytic silyl groups, a compound expressed with the following formula (4) Is preferred- 
[0064] 

[Formula 1 6] 

fTtel pq SltR 3 !* 35 ( 4 ) 

(R 3 is either a methcxy group, an ethoxy basis, a phenoxy group or chlorine among a formula, and 
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X shows structure of a formula (1), a formula (2). or a formula (3) mentioned above.) 
[G0G5]Here T as X which is a main skeleton portion, it may be hydrocarbon (structure shown by a 
formula (1) mentioned above) which consists only of a carbon atom and a hydrogen atom. A 
hydrocarbon material is preferred from a field of structure control as a main skeleton of a carbon 
atom content compound (D) which has a hydrolytic silyl group two from a field of stability to 
acid. The paraffin which has the chain structure of CH £ as an example of the hydrocarbon main 
skeleton portion X. For example, ethane, propane, butane, pentane T hexane. heptane, A thing of 
straight chain shape, such as octane, nonane, Deccan. an undecane, a dodecane, a tridecane, 
tetradecane, pentadecane, hexadecane. heptadecane, octadecane, nonadecane. and an eicosane, 
its isomer, or a branched thing is mentioned, From GERE5UT0, in a compound of a formula (4) 
applicable to this, a nine or less-^carbon atom thing is available, and a commercial item a tiling of 
the number of carbon atoms beyond it, It can obtain by what is called a hydrosilylation reaction 
to which alpha of a straight chain hydrocarbon, omega-diene compound, and a compound that 
has Si-H combination are made to react under existence of a catalyst which consists of 
chloroplatinlc acid etc, 

[q066]As the main skeleton portion X. it may be the aryfene structure (structure shown by a 
formula (Z) mentioned above) of having an aromatic ring. In this case, rt may have alkylene 
structure into a portion connected with a three-dimensional structure-of-cross-linkage object 
(A), and may couple directly with it Cm= 0), (although 1-10 are preferred as for m, 1 -especially 6 
are preferred) Here, replacement positions in particular to an aromatic ring may not have 
limitation, alt** meta, Para, and any may be sufficient as them, and a mixture may be sufficient 
as them. As an example of arylene structure, benzene, biphenyl, terphenyl, quarter phenyl. Or a 
naphthalene derivative, an anthracene derivative, a pyrene derivative, an acenaphthylene 
derivative, a fluorene derivative, a phenanthrene derivative, perylene derivatives, these 
substitution products, etc. are mentioned. A screw trimethoxysilyl object of a diethylbenzene 
skeleton can obtain a compound of a formula (4) applicable to this with a commercial item 
(GERESUTO), for example. Or same biphenylene skeleton body is compoundable by carrying out 
hydrosilyl addition of the triethoxysilane to divinylbiphenyt made from the NSC chemical industry. 
A hydrolytic silyl group can be directly connected with an aromatic ring by activating a precursor 
with the dihalogenHzed above-mentioned skeleton on a dianion okyect with a lithium reagent and 
replacing chloro triethoxysilane, 

10067] As the main skeleton portion X. it may be organic siloxane structure (structure shown by a 
formula (3) mentioned above). In this case, it couples directly with a three-dimensional 
structure-of-cross-linkage object (A) by siloxane bond both ends, or (p= 0) alkylene structure is 
passed (although 1-10 are preferred as for p, 1-especially 6 are preferred). Here, although Z-20 
are preferred as for several q of a siloxane chain, 6-10 are used especially preferably. If q 
increases more than 20, an effect of improvement in heat-resistant with a three-dimensional 
structure-o^-cross-IInkage object (A) will decrease. Specifically, structures which repeat 
dimethylsitoxane, a diethyl siloxane, a JIFENIRURU siloxane. an ethylmethyl siloxane. a 
methylphenyl siloxane, and an ethylpheny! siloxane, or those BURROKU joining structures are 
mentioned, A thing of q= 10 can be obtained for a compound of a formula (4) applicable to this 
from a Shin^etsu silicone company, for example, 

[0068]As a compound (F) which has the two or more above-mentioned 2 organic-functions 
hydrolytic silyl groups, a compound expressed with the following formula (5) is preferred. 
[00693 

[Formula 17] 

RYflzSi VQ SUH^aF** £ t 5 ) 

(Among a formula, either a rnethoxy group, an ethoxy basis, a phenoxy group or chlorine and R 4 
are either a methyl group, an ethyl group or a phenyl group, and, as for Y, R 3 shows the structure 
of a formula (1). a formula (2). or a formula (3) mentioned above.) 

[0070]Here as the main skeleton portion Y T like a case of the 3 above-mentioned organic- 
functions compounds (E), Hydrocarbon which consists only of a carbon atom which is 
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represented with arylene structure expressed with alkylene structure or a formula (2) expressed 
with a formula (1), and a hydrogen atom, or orgamc siloxane structure expressed with a formula 
(3) is mentioned. An end diene compound in which these have Y skeleton, for example, and 
methyldiethoxysilane. Methyl dtmethoxysilane. ethyldiethoxysilane, ethyl dimethoxysilane, It can 
obtain fay carrying out the hydrosilylation reaction of the compound which has Si-H combination 
of diaikoxy one, such as methyldi chlorosilicane and ethyldichlcrosilane. or dihalogen-ized 
SHIRIRAN under a catalyst which consists of chloroplatinic acid etc. 
[0071]A compound expressed with the following formula (6) to the above-mentioned 
intramolecular as a compound (G) which has both a 3 organic-functions hydrolytio silyl group and 
one or more 2 organic-functions hydrolytic silyl groups is preferred. 
[0072] 
[Formula 18] 

(Among a formula, either a methoxy group, an ethoxy basis, a phenoxy group or chlorine and R 4 
are either a methyl group, an ethyl group or a phenyl group, and, as for Y f R 3 shows the structure 
of a formula (1). a formula (2), or a formula (3) mentioned above J 

[P073]Here as the main skeleton portion Z, like a case of the above-mentioned (E) and (F), 
Hydrocarbon which consists only of a carbon atom which is represented with arylene structure 
expressed with alkylene structure or a formula (2) expressed with a formula (1). and a hydrogen 
atom, or organic siloxane structure expressed with a formula (3) is mentioned, these — doria — 
with a compound with Z skeleton with a RUKOKI5HIKISHI silyl group and a vinyl group. 
Methyfdiethoxysilane. methyl dimethoxysilane, ethyl diethoxy si lane. It can obtain by carrying out 
the hydrosilylation reaction of the compound which has SHH combination of dialkoxy one, such 
as ethyl dimethoxysilane, methyldi chlorosilicane. and ethyldichlorosilane, or dihalogen-ized 
SHIRIRAN under a catalyst which consists of chloroplatinic acid etc. For example, octenyl 
triethoxy silyl (made by GERE5UTO) can be obtained as such a starting material. 
[00 74] Although an above-mentioned thing is used about a proton conductivity grant agent (C), a 
suitable solvent may be used in the first process. As a solvent, although ether, such as alcohols, 
such as methanol, ethanol, isopropanol, n-butanol, and t-butanol. a tetrahydrofuran, and dioxane, 
is generally used, It is not limited to these, and it is [ anything] good if usable to the dissolution 
of an organic substance, a metal alkoxide, etc., and mixing. Although there is no limitation in 
particular about a ratio of a solvent, concentration whose solids concentration is about 80-1 0wt% 
can usually use preferably. Various additive agents mentioned above may be added in the first 
process. 

[0075]3ubsequently, in the first process, a proton conductivity grant agent (C) is mixed with a 
carbon atom content structure constituent (D) which has one or more hydrolytic silyl groups, 
and a precursive solution (system of reaction containing a raw material mixture for film 
formation) is obtained. In order to mix after preparing separately a solution containing: (D) and a 
solution containing (C)„ and to simplify a process, these* raw materials may be mixed 
simultaneously. 10 - 300 weight section can use preferably the mixing ratio of a structure 
constituent (D) and a proton conductivity ©rant agent (C) which have one or more hydrolytic silyl 
groups to (D}100 weight section. Proton conductivity with the mixing ratio of (C) sufficient by 
[ess than ten weight sections is not acquired, but if more than 300 weight sections, a film will 
become weak or a proton conductivity grant agent (C) will drop out of a film, 
[0076][n a suitable manufacturing method of a proton conductive film of this invention, the 
second process of making into the shape of a film a procursive solution obtained at the first 
process by publicly known methods, such as the cast and a coat, is included. If it is the method 
that a uniform film can be obtained as a method of making it into the shape of a film, there will 
be no limitation in particular. Although the membranous thickness can take arbitrary thickness 
among 1 mm from 10 micrometers, it is suitably determined from proton conductivity, the 
permeability of fuel, and a membranous mechanical strength- Although membranous thickness in 
particular is not limited that whose dried thickness is 30-300 micrometers can usually use it 
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preferably. 

[0077]In a suitable manufacturing method of a proton conductive film of this invention, what is 
called sol that hydrolyzes a substituent (for example, hydrolytic silyl compound) which forms a 
three-dimensional structure-of-crcss-linkage object (A) which consists of a silicon-oxygen bond 
included in produced material, and forms a three-dimensional structure-of-cross-linkage object 
(A) by a condensation reaction — the third process of performing a gel (sol-gel) reaction is 
included In the third process, the target film can be obtained by passing through what is called a 
sol-gel process warmed at arbitrary temperature from a room temperature to about 300 **, Cn 
the case of warming in the third process, publicly known methods, such as heating in the usual 
oven and application-of^pressure heating by autoclave, can be used. 

[007S][n the case of the third process, in order to perform hydrolysis condensation efficiently, 
water (H) may be beforehand added to a precursor solution, and ft may heat under a steam, [f it 
is a range which a precursor solution does not separate when adding water (H), there will be no 
limitation In particular, but it is usually preferred that 0.1-50 mol adds in equivalent amount to a 
hydrolytic silyl group. Since a proton conductivity grant agent (C) has crystal water, crystal 
water of (C) can also usually be used for it, without daring to add water. On the other hand, it is 
preferred to carry out with not less than 60K of relative humidfty, when carrying out under a 
steam, and It is preferred to carry out under saturated steam especially. Thus, if water (H) is 
added or it heats by a steam atmosphere, hydrolysis and condensation will take place efficiently 
and will serve as a more stable film to heat, 

[0079]In order to accelerate generation of a three-dimensional structure-of-cross-linkage 
object in this case, acid, such as chloride, sulfuric acid and phosphoric acid, may be beforehand 
added as a catalyst in the system of reaction. Since it is accelerated also by a base, a base 
catalyst of ammonia etc. may be used for the three-dimensional structure of cross linkage, for 
example, but if a base catalyst is used, its a possibility of reacting to a proton conductivity grant 
agent will be high r and acid will be preferably used for St. It is preferred to perform the third 
process at 100-300 ** T or to age at 100-300 ** after the third process (care of health). When 
using a proton conductive film of this invention at a not less than 100 ** elevated temperature. 
It is preferred to heat by temperature conditions more than service temperature. This heating 
may perform the third process at 100^300 *# as it is* may carry out sol-gel hardening of the 
third process over 2 hours or more at 5-40 **. and may perform a process (100 - 300 
after that A film pass may rinse the third process if needed from these firsts. As for water to be 
used, what does not contain metal ions, such as distilled water and ion exchange water, is 
preferred- After obtaining a film, it may irradiate with ultraviolet rays or an electron beam, and a 
bridge may be made to construct further. 

[0030]Thus, an obtained proton conductive film is epoch-making organic inorganic composite 
membrane which shows proton conductivity which was excellent in heat resistance and 
endurance which do not look at an example to the former, and was moreover excellent also in an 
elevated temperature, and can be conveniently used as a film of a fuel cell. In order to consider 
it as a fuel cell using a proton conductive film of this invention, what Is called a film^electrode 
conjugate that joined a catalyst support electrode to a film is produced. Although a 
manufacturing method in particular of this film-electrode conjugate Is not limited, a method of 
carrying out heat pressing, a method of applying to a film and/or an electrode a constituent 
which has proton conductivity, etc. can be suitably used for it. And a proton conductive film of 
this invention does not remain in an electrolysis film of a polymer electrolyte fuel cell, but can be 
used for a chemical sensor, an ion— exchange membrane, etc. 
[0081] 

OExampie]Hereafter, although this invention is explained based on an example, thereby, this 
invention Is not limited at all. The proton conductive film produced by the example and the 
comparative example was evaluated in accordance with the appraisal method shown below. 
[0082] [Appraisal method] 

(1) It bent to the film mechanical properties evaluation proton conductive film, organoleptics 
were carried out, and it evaluated in accordance with the following standard. 
O — It bends and possible. 
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^ — [t bends and fractures that it is impossible and easily. Or membranous decomposition and 
fusion occur 

[00S3](2) Carbon paste (Conducting Graphite PaintLADO RESEARCH INDUSTRIES, INC) was 
applied to both sides of a low-temperature proton conductivity evaluation proton conductive 
film, and rt was made to stick with a platinum board. The electrochemistry impedance 
measurement device (the product made by SORATORON, 1260 type) was used for this platinum 
board, impedance measurement was carried out in the field with a frequency of 0.1 Hz - 1 00 kHz, 
and the proton conductivity of the ion-conductive film was evaluated, [n the above-mentioned 
measurement, the sample was supported in the well-closed container insulated electrically, is a 
Steam atmosphere (95 to 10QWRH3, changed cell temperature from a room temperature to 160 ** 
by the temperature controller, and measured proton conductivity at each temperature. As a 
central value, the measured value in RH. 60 ** f and 100%RH and 140 ** was shown 9554. In 140 
** measurement, it measured by pressurizing the inside of a measurement tub (5 atmospheres). 
[0084](3) The heat-resistant evaluation proton conductive film was heated under saturated 
steam and in 140 ** autoclave for 5 hours, the evaluation after heating follows the following 
standard — viewing — or it bent and carried out by organoleptics. 
O — It bends and possible (flexible ****), 

x — [t bends and fractures that it is impossible and easily. Or membranous decomposition and 
fusion occur. 
[Example 1] 

(Composition of a 2 organic-functions precursor) To 1 1.0 g of 1 ,7-octadien (made by Wako Pure 
Chem), and the toluene solution of 26.9 g of diethoxymethylsilane (made by a Shin-etsu silicone 
company). Karstedt catalyst (refer to US. Pat No. 3 T 775,452) solution O.OSmmol adjusted from 
divinyt tetramethyl disiloxane (made by GERESUTO) was mixed with chioroplatinic acid (made by 
Wako Pure Chem), and it agitated under a 30 ** nitrogen atmosphere one whole day and night 
The obtained reaction mixture was refined by distillation and 1,pHbis(diethoxymethylsilyl)octane 
was obtained- The structure of the acquired output was checked by NMR 
(Production and film production of a mixture) 0,5 g of 1.8-bis(triethoxy silyl)octane (made by 
QERESUTO) dissolved 0.2 g of compound l.SHris(diethoxymethylsi[yl)octane in the isopropyl 
alcohol I.SgL Apart from this, 0.7 g of phosphotungstic acid and n hydrates (made by Wako Pure 
Chem) were dissolved in the isopropyl alcohol 1.5& After combining these both and agitating 
them for several minutes, it flowed into a polystyrene petri dish (made by Yamamoto Seisakusho) 
8.4 cm in inside diameter, and heated under 60 ** saturated steam at the room temperature (20 
**) for 10 hours for 15 hours, and the transparent film was obtained. A 60 stream washed 
before measurement for 2 hours. The evaluation result was shown in Table 1. 
[0085][Example 2] 0,4 g of 1,8-bis(triethoxy silyDoctane (made by GERESUTO) mixed 0.4 g of 
compound I.S-bistdlethoxymethylsilyOoctane, and 0.7 g of phosphotungstic acid and n hydrates 
(made by Wako Pure Chem) in the same procedure as Example 1. and the hardening layer was 
obtained. The evaluation result was shown in Table 1, 

[0086] [Example 3] 0.3 g of 1 ,8-bisCtriethoxy silyDoctane (made by GERESUTO) mixed 0*5 g of 
compound t,8-bis(diethoxymethylsilyl)octane, and 0.7 g of phosphotungstic acid and n hydrates 
(made by Wako Pure Chem) in the same procedure as Example 1, and the hardening layer was 
obtained The evaluation result was shown in Table 1. 

[0087][Comparative example 1] O.Sgof 1 T 8-bis(triethoxy silyDoctane (made by GERESUTO), and 
0,7 g of phosphotungstic acid and n hydrates (made by Wako Pure Chem) were mixed in the 
same procedure as Example 1, and the hardening layer was obtained. The evaluation result was 
shown in Table 1 . 

[0088J[Comparative example 2] 0.8 g of compound 1 p 8-bis(diethoxymethylsilyl)octane l and 0,7 g 
of phosphotungstic acid and n hydrates (made by Wako Pure Chem) were mixed in the same 
procedure as Example 1 T and the hardening layer was obtained. The evaluation result was shown 
in Table 1. 
[0089][Exampte 4] 

(Composition of a 3 organic-functions 2 organicHlinctlons compound precursor) To the toluene 
solution of 8.3 g of octenyl triethoxysilane (product made from GERESUTO), and 4.9 g of 
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diethoxyrnethylsllane (made by a Shin-etsu silicone company), Karstedt catalyst (refer to U.S, 
Pat No, 3*775,452) solution 0J35mmol adjusted from divlnyl tetramethyl disNoxane (made by 
GERESUTO) was mixed with chloroplatinic acid (made by Wako Pure Chem), and it agitated for 
one week under a30** nitrogen atmosphere. The obtained reaction mixture was refined by 
distillation and 1-diethoxymethylsNyl 8-triethoxy silyl octane was obtained. The structure of the 
acquired output was checked by NMR. 

(Production and film production of a mixture) 0.8 g of compound 1-diethoxymethylsiiyI 8- 
triethoxy sily! octane, and 0.7 g of phosphotungstic acid and n hydrates (made by Wako Pure 
Chem) were mixed in the same procedure as Example 1« and the hardening: layer was obtained. 
The evaluation result was shown in Table 1. 
[0090][Comparative example 3] 

(Composition of a monofunctional precursor) To 11,0 g of 1,7-octadien (made by Wako Pure 
Chem), and the toluene solution of 20.8 g of dimethylethoxy silanes (made by a Shin-etsu 
silicone company). Karstedt catalyst (refer to U.S. Pat. No. 3,775.452) solution 0.05mmol adjusted 
from divinyl tetramethyl disiloxane (made by GERESUTO) was mixed with chloroplatinic acid 
(made by Wako Pure ChemX and it agitated under a 30 ** nitrogen atmosphere one whole day 
and night. The obtained reaction mixture was refined by distillation and 1 .8--bis(dimethylethoxy 
silyOoctane was obtained. The structure of the acquired output was checked by NMR, 
(Production and film production of a mixture) Although 0.8 g of compound 1 T 8-bis(dimethylethoxy 
silyOoctane, and 0J g of phosphotungstic acid and n hydrates (made by Wako Pure Chem) were 
mixed In the same procedure as Example 1. a hardening reaction was not completed and a film 
was not able to be obtained. The evaluation result was shown in Table 1. 
DJ091][Comparative example 4] In Example 1 T the film was obtained like Example 1 instead of 
1,8~bis(triethoxy silyl)octane except having used octyl triethoxysilane. The film was very flexible. 
The evaluation result was shown in Table 1, 

[0092][Cornparative example 5] 0,8 g of bis(trimethcxysilyl ethyObenzene (made by GERESUTO). 
and 0.7 g of phosphotungstic acid and n hydrates (made by Wako Pure Chem) were mixed in the 
same procedure as Example 1, and the hardening layer was obtained The evaluation result was 
shown in Table 1. 
[0093][Example 5] 

(Composition of a 2 organic-functions precursor) To 13.0 g of m-divinylbenzene (made by Wako 
Pure Chem). and the toluene solution of 26.9 g of diethoxymethylsilane (made by a Shin-etsu 
silicone company), Karstedt catalyst (refer to U.S. Pat No, 3.775.45Z) solution O.OSmmol adjusted 
from divinyl tetramethyl disiloxane (made by GERESUTO) was mixed wrth chloroplatinic acid 
(made by Wako Pure Chem). and it agitated under a 30 ** nitrogen atmosphere one whole day 
and night The obtained reaction mixture was refined by distillation and 1,3-bis 
(diethoxymethylsilyl ethyl)benzene was obtained. The structure of the acquired output was 
checked by NMR. 

(Production and film production of a mixture) 0,5 g of bis(trimethoxysilyI ethyDbenzene (made by 
GERESUTO), The compound 1 T 3H3is(diethoxymethylsilyl ethyObenzene 0„3g, and 0.7 g of 
phosphotungstic acid and n hydrates (made by Wako Pure Chem) were mixed in the same 
procedure as Example 1. and the hardening layer was obtained The evaluation result was shown 
in Table 1- 

[0094][Example 6] 0.4 g of bis(trimethoxysiIyl ethyObenzene (made by GERESUTO). The 
compound 1 t 3-bis(diethoxymethyIsilyl ethyObenzene 0,4g P and 0.7 g of phosphotungstic acid and 
n hydrates (made by Wako Pure Chem) were mixed in the same procedure as Example 1. and the 
hardening layer was obtained. The evaluation result was shown in Table 1. 
[0095] [Comparative example 6] Although 0.3 g of bis(trimethoxysilyl ethyObenzene (made by 
GERESUTO) mixed the compound 1,3-bis(diethoxymethyIsilyl ethyObenzene O.Sg, and 0,7 g of 
phosphotungstic acid and n hydrates (made by Wako Pure Chem) in the same procedure as 
Example 1, The hardened material was stuck to the petri dish and was not able to be taken out 
as a film. The evaluation result was shown in Table 1. 

[0096][Comparative example 7] Although the compound 1.3-bls(dIethoxymethylsilyi ethyl) 
benzene 0.8g. and 0.7 g of phosphotungstic acid and n hydrates (made by Wako Pure Chem) were 
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mixed in the same procedure as Example 1, the hardened material was stuck to the petri dish 
and was not able to be taken ourt as a film- The evaluation result was shown in Table 1. 
[0097] 

[Table 1] 
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[0098]From the result of Table 1 so that clearly the proton conductive film (examples 1-6) of 
this Invention, As an essential ingredient which constitutes a proton conductive film, the specific 
quality of a carbon atom inclusion (B), and by selecting the combination of the three-dimensional 
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structure-of-cross-linkage object (A) of the silicon-oxygen bond combined with it. and a proton 
conductivity grant agent (C). AH showed the conductivity of the 10 3 - 10" z s/cm stand, and 
were good also in evaluation [ which / of the characteristic in an elevated temperature, and fUm 
mechanical properties 1 On the other hand, when there were no two functional constituents ^FJ, 
the film became weak firmly and the handling as a film became difficult like the comparative 
example 1 or the comparative example 4. Conductivity fell, and also it became a big film of the 
opening and. in the case of the [ the comparative example 2 or the comparative example 5 J 
without three functional constituents (EX the problem arose to GASUBAFtfA nature. Like L in the 
case of the comparative example 4 ], phase separation structure with a crosslink! ng group of a 
precursor stable in the thing of one end could not be secured, but conductivity also fell greatly. 
Still like [ in the case of the comparative example 3 ]. even if the crosslinking groups were both 
ends when a silica part was monofunctional, sufficient structure of cross linkage was not able to 
be built As mentioned above, in order to satisfy all of film mechanical properties like proton 
conductivity, heat resistance, and flexibility, it turns out that the both s.des of 3 organic- 
functions ARUKOSHI xylan structure and 2 onsanic-functions ARUKOSHI xylan structure are 
simultaneously required. 
[0099] 

[Effect of the Invention]F3y selecting the combination of a specific carbon atom content 
structure CB) the three-dimensional structure-of-cross-linkage object (A) of the silicon-oxygen 
bond combined with it and a proton conductivity grant agent (C), Sufficient heat resistance was 
able to be realized and it was able to obtain in the form where a proton conductivity grant agent 
and water were made to exist in a film, and mechanical various physical properties also had the 
good proton conductive film also in the elevated temperature. By using this proton conductive 
film, it is expectable to be able to raise the operating temperature of the polymers solid oxide 
fuel cell which attracts attention in recent years to not less than 100 **, and to. attain 
improvement in generation efficiency and reduction of the CO non-poison of a catalyst as a 
result The deployment to the cogeneration system by heat utilization is also considered, and the 
improvement in operating temperature is connected to improvement in dramatic energy 
efficiency. 



[Translation done.} 
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